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We examine the T-odd transverse lepton and Λ polarizations in the baryonic decays of Λb → Λl
+l− (l = e , µ)
to study the T violating effects. We show that the lepton polarizations are suppressed but the Λ ones can be as
large as 50% in CP violating theories beyond the standard model such as the SUSY models, which can be tested
in various future hadron colliders.
Recently, time-reversal violation (TV) has been
measured experimentally in the K0 system [1],
and thus complements the information on CP vi-
olation (CPV) that has been steadily accumulat-
ing for the past thirty seven years. The data is
in accordance with the CPT theorem which is
fundamental to local quantum field theories with
Lorentz invariance and the usual spin-statistics
connection. However, the origin of the violation
remains unclear. In the standard model, CPV
or TV arises from a unique physical phase in the
Cabibbo-Kobayashi-Maskawa (CKM) quark mix-
ing matrix [2]. This paradigm also predicts CPV
effect in the b-quark system. To test the accuracy
of this paradigm and to search for other sources of
CPV one needs to look for new processes. Indeed
this is an important quest of the B-factories. In
addition we deem it particularly interesting if the
time reversal symmetry violation can be directly
detected in the b-system rather than inferring it
as a consequence of CPT invariance. In this talk,
we will present our recent studies on T violation
in the baryonic decays of Λb → Λl+l− (l = e, µ)
[3,4,5,6].
It is known that for a general three-body decay
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of a baryon the triple spin-momentum correla-
tions, such as ~sk ·(~pi × ~pj), are T-odd observables,
where ~sk and ~pi,j are the spin and momentum vec-
tors of the final particles, respectively. There are
a number of different sources that might give rise
to these T-odd observables. The most important
ones being the weak CPV such as the CKM phase
of the SM. However, final state interactions such
as QCD for non-leptonic decays or the electro-
magnetic (EM) interaction among the final state
particles can also make contributions. These are
usually less interesting and they could even hide
the signals from the weak CPV. We note that
the T-odd triple correlations do not need non-
zero strong phases unlike some of CP violating
observables, such as the rate asymmetry between
a particle and its antiparticle. In Λb → Λl+l−
decays, we can use either the polarization of the
lepton (sl) or the Λ baryon (sΛ) to study the T-
odd correlations. It is interesting to note that the
decays can be used to analyze the helicity struc-
ture of the interaction, which is impossible in the
B meson system.
We start with the effective Hamiltonian for b→
sl+l− by including the right-handed couplings in
2the hadronic sector are given by
H(b→ sl+l−) = GFαem√
2π
VtbV
∗
ts(H1µL
µ
V +H2µL
µ
A)
H1µ = s¯γ
µ(CL9 PL + C
R
9 PR)b
−2mb
q2
s¯iσµνq
ν(CL7 PR + C
R
7 PL)b ,
H2µ = s¯γ
µ(CL10PL + C
R
10PR)b ,
LµV = l¯γ
µl , LµA = l¯γ
µγ5l , (1)
where CLi and C
R
i (i = 7, 9, 10) denote the effec-
tive Wilson coefficients of left- and right-handed
couplings, respectively. In the standard model,
CL9 = C
eff
9 , C
R
9 = 0 ,
CL10 = C10 , C
R
10 = 0 ,
CL7 = C
eff
7 , C
R
7 =
ms
mb
Ceff7 , (2)
where Ceff9 , C10, and C
eff
7 are the standard Wil-
son coefficients [7].
To study the exclusive decays of Λb → Λl+l−,
one needs to know the form factors in the transi-
tion of Λb(pΛb)→ Λ(pΛ), parametrized generally
as follows:
〈Λ| s¯ Γµ b |Λb〉 = f (T )1 u¯ΛγµuΛb
+ f
(T )
2 u¯Λiσµν q
νuΛb + f
(T )
3 qµu¯ΛuΛb ,
〈Λ| s¯ Γµγ5 b |Λb〉 = g(T )1 u¯Λγµγ5uΛb
+ g
(T )
2 u¯Λiσµν q
νγ5uΛb + g
(T )
3 qµu¯Λγ5uΛb , (3)
where Γµ = γµ (iσµν), and f
(T )
i and g
(T )
i are the
form factors of vector (tensor) and axial-vector
(axial-tensor) currents, respectively. In the heavy
quark effective theory (HQET) [8], the form fac-
tors in Eq. (3) can be simplified by using
〈Λ(pΛ)| s¯Γb |Λb(pΛb)〉
= u¯Λ
(
F1(q
2) + /vF2(q
2)
)
ΓuΛb , (4)
where Γ denotes the Dirac matrix, v = pΛb/MΛb
is the four-velocity of Λb, and q = pΛb − pΛ is the
momentum transfer, and the relations among the
form factors can be found in Ref. [3]. Explicitly,
under the HEQT, we have
f1 = g2 = f
T
2 = g
T
2 = F1 +
√
rF2 ,
ρ ≡ MΛb
(
f2 + g2
f1 + g1
)
=
MΛb
q2
(
fT1 + g
T
1
f1 + g1
)
=
F2
F1 +
√
rF2
. (5)
From experiments [9] and theories [8,10], one
finds that |F1/F2| > 1 and |ρ| < 1.
To explore the T violating effects using the lep-
ton or Λ spin polarization, we write i (i = l or
Λ) four-spin vector in terms of a unit vector, ξˆi,
along the spin in its rest frame, as
si0 =
~pi · ξˆi
Mi
, ~si = ξˆi +
si0
Ei +Mi
~pi, (6)
and choose the unit vectors along the longitudi-
nal, normal, transverse components of the i po-
larization, to be
eˆiL =
~pi
|~pi| , eˆ
i
N =
~pi × (~pl− × ~pΛ)
|~pi × (~pl− × ~pΛ)|
,
eˆiT =
~pl− × ~pΛ
|~pl− × ~pΛ|
, (7)
respectively. Hence, the differential decay rates
with polarized i is given by
dΓi(t) =
1
2
dΓ0(t)
[
1 + ~P i · ξˆi
]
, (8)
where t = EΛ/MΛb ,
~P i is the i = l or Λ polariza-
tion vector, defined by
~P i = P iLeˆ
i
L + P
i
N eˆ
i
N + P
i
T eˆ
i
T , (9)
and dΓ0(t) is given in Ref. [6]. With the T odd
transverse i polarization defined by
P iT =
dΓi
(
ξˆi · eˆiT = 1
)
− dΓi
(
ξˆi · eˆiT = −1
)
dΓi
(
ξˆi · eˆiT = 1
)
+ dΓi
(
ξˆi · eˆiT = −1
) ,
we obtain
P lT ∝
ml
MΛb
Im
(
CL9 C
L∗
10 + C
R
9 C
R∗
10
)
,
ml
MΛb
Im
(
CL7 C
L∗
10 + C
R
7 C
R∗
10
)
(10)
PΛT ∝ Im
(
CR9 C
L∗
10 − CL9 CR∗10
)
,
Im
(
CL7 C
R∗
10 − CR7 CL∗10
)
(11)
3It is easy to see that from Eq. (10) P lT is sup-
pressed since it is always associated with the small
lepton mass and to have a non-zero value of PΛT ,
from Eq. (11), it is necessary to have conditions
of (a) the existence of CRk and (b) a phase of
CLi C
R
j (i 6= j). We remark that these conditions
for PΛT are clearly different from those of the T
odd transverse lepton polarizations in both inclu-
sive decay of b → sl+l− [11] and exclusive ones,
such as B → K(∗)l+l− [12] and Λb → Λl+l− [4,5].
Such property distinguishes the T odd transverse
Λ polarizations from various other T odd observ-
ables.
In the standard model, since there are no CR9
and CR10 as seen from Eq. (2), we have
P lT ∝
ml
mb
Im
(
Ceff7 C10
)
PΛT ∝
ms
mb
Im
(
Ceff7 C10
)
(12)
which are all suppressed. We note that the con-
tribution to P iT from the EM final state interac-
tion are < O(10−3). Moreover, the long-distance
(LD) effects in the one-loop matrix elements of
O1,2 [7] and Λb → ΛJ/Ψ with J/Ψ → l+l− are
absorbed to CL9 . On the other hand, it is clear
that a large value of PΛT , according to Eq. (11),
can be obtained if a theory contains CR9 or C
R
10 or
a large CR7 , with a non-zero phase. Many theories
beyond the standard model could give rise to CR9
or CR10; examples are the left-right symmetric and
supersymmetric models.
To illustrate our result, we use SUSY models
[13,14] both with and without R-parity as shown
in Ref. [6]. In Figure 1, we give the differential
branching ratios (BRs) of Λb → Λµ+µ− with re-
spect to EΛ with and without including resonant
states of Ψ and Ψ′, and we find that the inte-
grated BRs for the latter are (2.10, 1.66, 4.41)×
10−6 for the standard and SUSY with and with-
out R-parity models, respectively. In Figures 2
and 3, we show PΛT (Λb → Λµ+µ−) as a function
of EΛ/MΛb for the two types of models, with and
without the LD contributions, respectively. As
seen from the figures, even though the derivations
of BRs to the standard model result are insignif-
icant, the transverse Λ polarization asymmetries
can be over 50% in both SUSY models with and
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Figure 1. Differential BRs of Λb → Λµ+µ− as a
function of EΛ with and without resonant shapes,
where the solid, dash-dotted and dashed curves
stand for the results of the standard and SUSY
with and without R-parity models, respectively.
without R-parity. Similar results are also ex-
pected for the decay of Λb → Λe+e−. We remark
that measuring a large PΛT in Λb → Λl+l− is a
clean indication of T violation as well as new CP
violation mechanism beyond the standard model.
To measure PΛT (Λb → Λµ+µ−) ∼ 10% at 3σ level,
at least 4.5× 107 Λb decays are required if we use
BR(Λb → Λµ+µ−) ∼ 2×10−6. Clearly, the mea-
surement could be done in the second generation
of B-physics experiments, such as LHCb, ATLAS,
and CMS at the LHC, and BTeV at the Teva-
tron, which produce ∼ 1012bb¯ pairs per year [15].
This is certainly within reach of a super B factory
under discussion now [16]. Finally, we note that
similar results are expected for using polarized Λb
instead of Λ.
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Figure 2. Transverse Λ polarization in Λb →
Λµ+µ− as a function of EΛ/MΛb in the SUSY
model with R-parity. The curves with and with-
out resonant shapes represent including and no
long-distance contributions, respectively.
of China under Contract Nos. NSC-90-2112-M-
001-069 and NSC-90-2112-M-007-040, and Na-
tional Science and Engineering Research Council
of Canada.
REFERENCES
1. CPLEAR Collaboration, A. Angelopoulos et
al., Phys. Lett. B444, 43 (1998).
2. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963);
M. Kobayashi and T. Maskawa, Prog. Theor.
Phys. 49, 652 (1973).
3. C. H. Chen and C. Q. Geng, Phys. Rev. D
63, 114024 (2001) [arXiv:hep-ph/0101171].
4. C. H. Chen and C. Q. Geng, Phys. Lett. B
516, 327 (2001) [arXiv:hep-ph/0101201].
5. C. H. Chen and C. Q. Geng, Phys. Rev. D
64, 074001 (2001) [arXiv:hep-ph/0106193].
6. C. H. Chen, C. Q. Geng and J. N. Ng, Phys.
Rev. D 65, 091502 (2002).
-0.5
0
0.5
1
0.2 0.3 0.4 0.5
E
L
/M
L b
P T
L
(L
b→
Lm
+
m
-
)
Figure 3. Same as Figure 2 but for the SUSY
model without R-parity.
7. G. Buchalla, A. J. Buras and M. E. Lauten-
bacher, Rev. Mod. Phys. 68, 1230 (1996).
8. T. Mannel, W. Roberts and Z. Ryzak Nucl.
Phys. B355, 38 (1991); T. Mannel and S.
Recksiegel J. Phys. G24, 979 (1998).
9. CLEO Collaboration, G. Crawford et al Phys.
Rev. Lett. 75, 624 (1995).
10. C.S. Huang and H.G. Yan, Phys Rev. D59,
114022 (1999).
11. F. Kruger and L.M. Sehgal, Phys. Lett.B380,
199 (1996).
12. C.Q. Geng and C.P. Kao, Phys. Rev. D57,
4479 (1998).
13. F. Gabbiani et. al., Nucl. Phys. B477, 321
(1996); E. Lunghi et. al., ibid B568, 120
(2000).
14. D. Guetta and E. Nardi, Phys. Rev. D58,
012001 (1998) and references therein.
15. N. Harnew, Proc. of Heavy Flavors 8,
(Southampton. 1999).
16. See, e.g., G. Eigen, arXiv:hep-ex/0112042.
